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This paper uses Irish micro-data to analyse the determinants of urban households’ transport 
decisions by estimating elasticities of demand for car ownership, car use and public transport 
with respect to income and various household socio-demographic characteristics. This paper uses 
expenditure data to examine car and public transport use and analyses the latter decision for 
separate samples of households, namely, those owning one car and those owning no car. A 
binary probit model is estimated for the car ownership decision, while for the car use and public 
transport expenditure decisions, Tobit models adjusted for heteroscedastic and non-normal errors 
are estimated.  
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1 Introduction 
This paper addresses a number of aspects of urban households’ transport decisions by using Irish 
cross-sectional micro-data to analyse the socio-economic determinants of the demand for car 
ownership, car use and public transport in the capital city, Dublin. The importance of income and 
socio-demographic factors in influencing household transport choices has been well documented 
and studied using cross-sectional data from a variety of sources. While there are numerous 
studies examining the issue of car ownership at both an aggregated and disaggregated level, few 
studies have examined the related issues of car and public transport use using expenditure micro-
data. In this paper, the analysis of the car ownership decision complements, and adds to, existing 
literature in the area. A new approach to the analysis of urban car and public transport use is 
presented through the use of expenditure data. In the case of the public transport decision, the 
division of the sample into households owning no car and one car helps to highlight the 
differences between these two groups in their public transport decisions. In addition, the 
examination of the determinants of taxi fare expenditure as well as bus fare expenditure 
emphasises the importance of analysing the different components of public transport expenditure 
separately. Finally, the estimation of these relationships indicates whether the factors influencing 
the transport decisions of households in the Dublin area are any different to those found for other 
countries.  
 
The data employed in this study are micro-data from the 1994/1995 Irish Household Budget 
Survey (HBS), which are the latest data available. A binary probit model is estimated for the car 
ownership decision. For those households which report ownership of one car, we use a Tobit 
model to examine car use, which is proxied by petrol expenditure. In analysing public transport  3 
expenditure decisions, Tobit models of expenditure on bus and taxi fares are estimated for those 
households owning no car and those households owning one car. Where relevant, adjustments 
are made to the models to account for heteroscedastic and non-normal errors.  
 
Section 2 summarises related literature and details the econometric methodologies employed, 
while Section 3 describes the data used in this analysis. Section 4 presents econometric results 
for all models and outlines practical aspects of the estimation including the interpretation of the 
estimated coefficients. Section 5 contains some concluding remarks. 
 
2  Relevant Literature and Econometric Methodologies  
2.1 Car  Ownership   
Earlier studies of the demand for car ownership using cross-sectional data at an aggregated level 
include those by Button et al (1993), Said (1992), Stanovnik (1990), McCarthy (1977), Buxton 
and Rhys (1972) and Fairhurst (1965). While providing some insight into the general 
relationships between car ownership and variables such as population density and average 
incomes at regional or country level, the nature of the data limits the number and type of 
independent variables that can be considered.
1 In addition, many of the above studies are now 
outdated and the studies of Button et al (1993) and Stanovnik (1990) relate to low-income 
countries, thus limiting the applicability of the results to Ireland, and in particular to Dublin.  
 
The increasing availability of micro-data in recent years has enabled researchers to overcome 
many of the problems inherent in aggregated data. It has allowed the formulation of more 
                                                    
1 A particular problem associated with aggregated data is that if a variable varies more within a region than it does 
between regions, the true effect of the variable will be difficult to determine (Fairhurst, 1965).  4 
accurate models of car ownership at an individual or household level employing a wider range of 
socio-economic characteristics as independent variables [see Alperovich et al (1999), Dargay 
and Vythoulkas (1999), Cragg and Uhler (1970) and Bennett (1967)]. The discrete nature of the 
car ownership decision means that discrete choice econometric methodologies, such as binary 
and multinomial probit and logit, are often employed in modelling demand [see Alperovich et al 
(1999), Stanovnik (1990) and Cragg and Uhler (1970)]. Recently, the demand for car ownership 
at the micro-level has also been analysed in the context of other transport decisions such as car 
use and modal choice using the nested multinomial logit technique [see De Palma and Rochat 
(2000), Bjorner (1999), Thobani (1984), Train (1980) and Ben-Akiva and Lerman (1975)].  
 
Income is the most consistently important household socio-economic factor found to have a 
positive relationship with car ownership. However, some studies find that the relationship 
between income and car ownership is non-linear [Cragg and Uhler (1970)] while others find that 
income elasticities of car ownership decline in magnitude as income increases [Dargay and 
Vythoulkas (1999)]. These results suggest that the effect of income on household car ownership 
is not constant, with the effect being more pronounced at lower income levels. Other variables 
found to have a significant effect on car ownership include general household characteristics 
such as the number of adults, children and workers in the household and household location. 
Head of household (HOH) characteristics such as gender, age, education and occupation are also 
commonly employed. The results for age of HOH often conflict. Alperovich et al (1999) and 
Bennett (1967) find that the probability of car ownership, while initially increasing, declines 
once the HOH reaches 40 years and retirement age respectively, while Cragg and Uhler (1970) 
find that as the age of the HOH increases, the probability of car ownership decreases.   5 
In modelling the demand for car ownership, we use a binary probit model as applied by 
Alperovich  et al (1999) and Stanovnik (1990). The binary probit model is employed in situations 
where the dichotomous dependent variable indicates the choice between two alternatives (e.g. to 
own a car or not).
2 It is characterised by a continuous latent variable 
*
i y , different values of 
which determine the observed value of the dependent variable  i y , i.e.,  
0     y if 1 y
0 y if 0 y
and
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The model is estimated by means of the maximum likelihood method of estimation where the 
following log-likelihood function is maximised with respect to each of the estimated coefficients: 
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where F  is the cumulative standard normal distribution function. A common feature of many 
binary choice models is that the error terms are heteroscedastic, in which case the estimated 
coefficients are inconsistent. By allowing the error terms to vary across observations, this 
problem can be overcome. Heteroscedasticity of the following form is assumed [Greene (1997)]: 
() h ' z exp i i s s =            ( 3 )  
where zi is a vector of continuous independent variables assumed to cause the heteroscedasticity. 
A likelihood ratio test is undertaken to test the null hypothesis of homoscedastic errors (h=0).
 3 
 
                                                    
2 The issue of multiple car ownership (for example, using a multinomial logit model) is not considered here due to 
the small number of observations owning two or more cars (see footnote twelve below). 
3 The test statistic is distributed as $
2  with the number of degrees of freedom equal to the number of variables 
included in zi. The likelihood ratio test of homoscedastic errors is not rejected (see Section 4 and Table 4.1) and so 
the log-likelihood function adjusted to take account of heteroscedasticity is not presented  6 
2.2  Car Use and Public Transport Expenditure 
In contrast to the large number of studies analysing car ownership at both an aggregated and 
disaggregated level, fewer studies have examined the related issues of car and public transport 
use. In terms of car use, a common approach is to analyse the decision simultaneously with the 
car ownership decision. For example, both Bjorner (1999) and Mannering and Winston (1985) 
use data at the household level to estimate nested multinomial logit models of the joint demand 
for car ownership and use.
4 Button et al (1993) and Mannering (1983) examine car use 
independently by using mileage data and while the latter uses household level data, the former 
study uses country level data for a sample of low-income countries. Studies examining petrol 
expenditures include those by Kayser (2000) and Labeaga and Lopez (1997) who both utilise 
household micro-data, albeit applying differing econometric methodologies.
5  
 
The majority of studies analysing public transport demand use specially constructed transport 
surveys that seek to determine the factors influencing modal choice decisions, in particular for 
the journey to work. There are two main econometric methodologies employed to model these 
decisions. Firstly, binary and multinomial probit and logit models analyse the determinants of an 
individual’s decision to travel by a number of alternative modes of transport [see Ben-Akiva and 
Lerman (1975) and De Donnea (1971) for applications to the journey to work decision]. 
Secondly, nested multinomial logit models simultaneously examine the two decisions of car 
ownership and mode of transport. De Palma and Rochat (2000), Thobani (1984) and Train 
(1980) all use either individual or household level data to determine the factors influencing car 
                                                    
4 The use of the nested multinomial logit econometric methodology requires the existence of alternative specific 
characteristics that do not vary across observations, such as fuel costs in the context of car use or journey time in the 
context of modal choice. Irish Household Budget Survey data provide no such variables. 
5 Kayser (2000) uses the Heckman Sample Selection methodology while Labeaga and Lopez (1997) use an AIDS 
model.   7 
ownership level and mode of transport to work. To date, little research has been undertaken 
using expenditure on public transport as a proxy for public transport demand. Exceptions are 
Bergantino (1997) and Ming-Chu (1994), who use household expenditure micro-data to estimate 
transport Engel curves and the demand for recreational travel respectively.  
 
Similar independent variables to those used in explaining variations in car ownership levels are 
employed in determining the socio-economic influences on car and public transport use. A 
significant finding in many of the car use studies above is the low positive income elasticity of 
car use; one study [Mannering and Winston (1985)] also shows that the income elasticity is 
smaller in the later time periods. Kayser (2000) and Labeaga and Lopez (1997) similarly report 
that petrol may be classified as a necessity due to its income elasticity of demand being less than 
unity. Both Bjorner (1999) and Mannering (1983) find that the age of the HOH has a consistently 
negative effect on car use, a finding that is different to the positive, but declining effect of the 
age of the HOH on car ownership found by Alperovich et al (1999) and Bennett (1967). In terms 
of public transport use, De Palma and Rochat (2000) find that households in which the household 
size is large and the HOH is older than 50 years are significantly more likely to use public 
transport rather than the car for the journey to work. 
 
The econometric methodology employed in this paper to examine household car and public 
transport use follows most closely the approach of Ming-Chu (1994) and other studies which use 
Tobit models to estimate the demand for various commodities based on micro-data [see Cai 
(1999), Gould and Kim (1998), Yen et al (1996), Hamilton Lankford and Wyckoff (1991) and  8 
Bennett (1967)
6]. The Tobit model is used in situations where the dependent variable is censored, 
i.e., values in a certain range are all reported as a single value, usually zero. It is widely 
employed in modelling cross-sectional expenditure decisions in which a large proportion of 
respondents report zero expenditure. In common with the binary probit model considered above, 
it also assumes the existence of a continuous latent variable  * yi , the values of which determine 
the actual value of the observed limited dependent variable  i y , i.e.,   
0 y if 0 y
0, y if 0 y
and
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The continuous latent variable is assumed to represent desired expenditure, thus allowing for 
negative desired expenditure. All negative and zero values of desired expenditure are 
transformed to a single value of zero for observed expenditure. The Tobit model therefore 
assumes that zero observations are due to corner solutions
7, i.e. if relative prices or income 
changes, expenditure occurs. The model is estimated by maximum likelihood estimation 
whereby the following log-likelihood function is maximised with respect to each of the estimated 
coefficients: 
                                                    
6 Cai (1999), Gould and Kim (1998), Hamilton Lankford and Wyckoff (1991) and Bennett (1967) all use the Tobit 
methodology to estimate the demand for food, dairy products, charitable donations and cars respectively. While Cai 
(1999), Hamilton Lankford and Wykcoff (1991) and Bennett (1967) use expenditure data, Gould and Kim (1998) 
use quantity data. Yen et al (1996) analyses the concentration of nitrate in American water supplies using quantity 
data. 
7 The validity of assuming that this is the correct process determining zero values of expenditure is often questioned. 
Alternative sources of zero expenditures including infrequency of purchase and non-participation in the market are 
ignored in the Tobit model. In addition, the Tobit model does not consider that there may be a difference between 
the effect of a variable on the participation decision and the effect of that variable on the consumption decision, e.g. 
the effect of children on the probability of going on holiday is negative but once expenditure takes place, the effect 
of children on expenditure is positive [Verbeek (2000)]. An alternative to the Tobit model is the Double Hurdle 
model, originally formulated by Cragg (1971), which allows for corner solutions as well as non-participation in the 
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where -  and f  are the cumulative standard normal distribution and standard normal probability 
density functions respectively.  
 
The estimated Tobit coefficients are also sensitive to the distributional assumptions that are made 
about the error term. If the error terms are heteroscedastic and/or non-normal, the coefficient 
estimates are inconsistent.
8 Heteroscedasticity of the same form as in the binary probit model is 
assumed. To adjust for non-normality, an inverse hyperbolic sine (IHS) transformation is applied 
to the dependent variable as follows: 




i i + + =         ( 6 )  
where q  is a parameter estimated by the model [Yen et al (1996) and Reynolds and Shonkwiler 
(1991)]. This transformation overcomes the problem of non-normality caused by the presence of 
outliers by behaving logarithmically for large values of the dependent variable [Reynolds and 
Shonkwiler (1991)]. Likelihood ratio tests are undertaken to test the null hypotheses of a 
homoscedastic error structure, a normal error structure and the joint null hypothesis of a 
homoscedastic and normal error structure respectively.
9 The log-likelihood function 
incorporating the adjustments for heteroscedastic and non-normal errors is:  
                                                    
8  See papers by Reynolds and Shonkwiler (1991), Arabmazar and Schmidt (1982) and Nelson (1981). 
9 7KH WHVW VWDWLVWLFV DUH GLVWULEXWHG DV $
2 with the number of degrees of freedom equal to the number of variables 
included in the heteroscedasticity function and/or the IHS parameter. The likelihood ratio test of a heteroscedastic 
and non-normal error structure is not rejected for all five Tobit regressions and performs the best of all the likelihood 
ratio tests. Therefore, the log-likelihood functions adjusted for heteroscedasticity and for non-normality separately 
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When  0 = q  and  s s = i  the log-likelihood reduces to that of the standard Tobit log-likelihood 
(5) presented above.  
 
3 Data 
The data employed in this analysis are micro-data from the 1994/1995 Irish Household Budget 
Survey (HBS).
10 The survey consists of 7,877 urban and rural (farm and non-farm) households. 
This study focuses on the 2,148 households in the Dublin area. Each household was asked to 
complete a questionnaire containing information on various household income and socio-
demographic characteristics and ownership of durable goods as well as an expenditure diary 
recording every item of expenditure by each member of the household over a two-week survey 
period. Since the data are cross-sectional at a point in time, we cannot estimate price effects and 
thus we concentrate on the income and socio-demographic determinants of transport demand. 
Variable definitions are presented in Table 3.1 while summary statistics for the transport 
variables extracted from the survey are detailed in Table 3.2 and those for the household income 
and socio-demographic variables are presented in Tables 3.3 and 3.4 below. 
 
In examining car ownership, the dependent variable is a binary variable indicating whether or not 
the household owns a car. For the car use decision, the dependent variable is petrol expenditure, 
which is adjusted for seasonality
11. Public transport use is proxied by bus and taxi fare 
                                                    
10 The 1994/1995 Irish HBS was conducted by the Central Statistics Office (CSO) between May 1994 and July 1995 
and is the most current data set available. 
11 All expenditure variables are adjusted for seasonality because the HBS was conducted over a fifteen month period 
between May 1994 and July 1995.   11 
expenditures separately, adjusted for seasonality and household size. Household income is 
proxied by total weekly household expenditure, also adjusted for household size and seasonality.  
 
Table 3.1  Variable Definitions 
Variable Name  Definition 
Transport  Variables    
CAR  =1 if the household owns one or more cars 
=0 otherwise 
CYCLE  Number of Motorcycles 
PETROLEXP  Petrol Expenditure 
BUSEXP   Bus Fare Expenditure  
TAXIEXP  Taxi Fare Expenditure 
FREETRAV  Number entitled to free pension/school travel 
EXPENSES  =1 if the household receives motor expenses 
 =0  otherwise 
   
Continuous Household Income and Socio-Demographic Variables 
HHEXP  Total Weekly Household Expenditure (divided by 100) 
ADULTS  Number of Adults 18+ years 
CHILDREN  Number of Children aged 17 years and younger 
  
Discrete Household Socio-Demographic Variables 
Accommodation Type  
APART, SEMI  APART=1 if the household lives in an apartment or bedsit, =0 otherwise 
SEMI=1 if the household lives in a semi-detached house, =0 othereise 
(Base Category = household lives in a detached house) 
   
Household Working Status  
WORKING  =1 if at least one household member 15+ years at work  
=0 otherwise 
   
Gender of HOH 
FEMALE  
 
=1 if household is headed by a female who is the only adult in the household  
=0 otherwise  
 
Age of HOH 
SIXTY, FIFTY, 
FORTY, THIRTY 
SIXTY =1 if the HOH is 60+ years, =0 otherwise 
FIFTY =1 if the HOH is 50-59 years, 0 otherwise 
FORTY=1 if the HOH is 40-49 years, 0 otherwise 
THIRTY=1 if the HOH is 30-39 years, 0 otherwise 
(Base Category = HOH is aged 20-29 years) 
   
Highest Education Level of HOH   
PRIMARY, 
SECONDARY 
PRIMARY=1 if the HOH has a primary school education only, =0 otherwise 
SECONDARY=1 if the HOH has a secondary school education only, =0 otherwise 
(Base Category = HOH has a third level education) 
  12 
The HBS does not record information relating to distance travelled to work, distance from city 
centre, public transport availability etc. and so the type of household accommodation is used, 
albeit imperfectly, to proxy these factors. This assumes that those living in detached houses are 
more likely to live in outlying areas of Dublin and thus have longer distances to travel to the city 
centre and/or poorer public transport links than those living in semi-detached houses or 
apartments. A complicating issue for the bus fare expenditure models is the fact that all 
pensioners are entitled to free public transport at off-peak times in Ireland. This means that in the 
case of pensioners one of the most important assumptions of the analysis is violated, i.e., that 
public transport use is reflected in public transport expenditure in the survey. To overcome this 
problem, a dummy independent variable indicating that there is at least one person in the 
household entitled to free public transport is included. Similarly, for the car and public transport 
use regressions for car-owning households, a dummy variable indicating whether at least one 
person in the household receives remuneration for motor expenses such as petrol is included. 
 
An examination of the summary statistics in Tables 3.2, 3.3 and 3.4 below reveals large 
differences between non-car and car-owning households, in terms of their transport expenditures 
and their income and socio-demographic characteristics. For those households which do not own 
a car, expenditures per capita on bus and taxi fares are considerably higher than in car-owning 
households, while the proportions recording these expenditures are also higher in non car-
owning households. In terms of household income and socio-demographic characteristics, 
significant differences between non car- and car-owning households are evident for many of the 
variables, especially household income, the gender and education level of the HOH and the type 
of accommodation and working status of the household. On the basis of these differences, and in  13 
an attempt to avoid multicollinearity, the regressions for bus and taxi fare expenditures are 
estimated separately for (a) households not owning a car (950 households or 44.2 per cent of the 
total sample), and (b) households owning one car (935 households or 43.5 per cent of the total 
sample).   14 
Table 3.2  Transport Variables 
  Full Sample  No Car  One Car
12 
Variable  Mean  St.Dev.  Max.  % pos  Mean  St.Dev.  Max.  % pos  Mean  St.Dev.  Max.  % pos 
CAR  0.56  0.50  1.00  55.8          
CYCLE  0.02 0.14 2.00 1.7  0.02 0.13 2.00 1.3  0.02 0.15 1.00 2.2 
PETROLEXP  9.40  12.33 88.76 53.3  0.69  3.33  34.41 7.4  14.41 11.10 88.76 89.1 
BUSEXP  1.66 2.79 24.32  53.7 2.22 3.45 24.32  56.3 1.26 2.06 14.17  52.21 
TAXIEXP 1.09 3.41 63.14  24.4 1.36 4.32 63.14  25.1 0.90 2.60 34.98  22.5 
FREETRAV  0.30 0.58 3.00 23.8 0.39 0.61 3.00 32.5 0.25 0.57 3.00 18.3 
EXPENSES  0.14 0.35 1.00 14.0 0.01 0.10 1.00 1.1  0.17 0.37 1.00 16.7 
 
Table 3.3  Household Income and Socio-Demographic Variables (Continuous)
  
  Full Sample  No Car  One Car 
Variable  Mean  St.Dev.  Max.  % pos  Mean  St.Dev.  Max.  % pos  Mean  St.Dev.  Max.  % pos 
HHEXP  1.98 1.29 11.87  100.0  1.32 0.82 7.46 100.0  2.33 1.26 8.98 100.0 
ADULTS  1.98 0.96 7.00 100.0  1.72 0.92 7.00 100.0  2.07 0.89 6.00 100.0 
CHILDREN  0.96 1.32 7.00 44.1 0.82 1.34 7.00 36.3 1.03 1.32 7.00 48.0 
 
Table 3.4  Household Socio-Demographic Variables (Discrete): Percentage of Sample in each Category 
Variable  Full Sample   No Car  One Car 

























SIXTY  34.4 39.5 32.2 
FIFTY  15.9 11.3 17.3 
FORTY  23.7 15.9 30.3 
THIRTY 







PRIMARY  34.8 55.3 20.9 
SECONDARY 







                                                    
12 Due to the small number of households owning two or more cars (263 households or 12.3 per cent of the total sample) and the consequent poor fit of the 
regressions, only the regressions for samples owning no car and one car are reported and discussed.  15 
 4  Estimation Results  
For all six regressions, the same set of independent variables is employed for comparison 
purposes. For all the continuous household income and socio-demographic independent 
variables, non-linear terms are included in the specification where they are significant
13 to 
account for the fact that the effect of these independent variables may differ over the range of the 
variables [see Alperovich et al (1999) and Cragg and Uhler (1970)]. All models are estimated 
using the LIMDEP econometric package.  
 
Likelihood ratio tests were used to decide on the most appropriate model specification. In 
allowing for heteroscedasticity, only significant continuous independent variables were included 
in the heteroscedasticity function [Yen et al (1996)]. In the binary probit model, all of the 
independent variables in the heteroscedasticity term were insignificant, i.e., the likelihood ratio 
test of a homoscedastic error structure was not rejected at the one per cent level. However in all 
of the Tobit models, the significance of at least one continuous independent variable in the 
heteroscedasticity adjustment and of the IHS parameters resulted in a rejection of the null 




In both the binary probit and Tobit models, the estimated ￿ coefficients cannot be interpreted in 
the same way as in a linear regression model. Marginal effects for the continuous independent 
variables in the model are calculated by differentiating the expected value of the dependent 
                                                    
13 Non-linear terms significant in the standard Tobit models were also included in the specification of the adjusted 
Tobit models. 
14 In all cases the models adjusted for heteroscedasticity and non-normality performed the best in terms of the 
estimated log-likelihood values. See Tables B1-B3 of Appendix B for the results of the three likelihood ratio tests of 
heteroscedastic errors, non-normal errors and heteroscedastic and non-normal errors.  16 
variable with respect to the independent variable of interest, evaluated at the sample mean of this 
independent variable. This enables the calculation of elasticities of demand with respect to these 
continuous independent variables. The marginal effects for discrete independent variables are 
calculated as the difference in expected values when the variable takes the value one and when it 
takes the value zero. In order to ascertain the reliability of all marginal effects, standard errors for 
the marginal effects must be calculated. These are approximated using the delta method as 
presented in Yen et al (1996). 
 
The formulae for calculating marginal effects in both the probit and Tobit models are presented 
in Appendix A while those for the standard errors are presented in Appendix B. As the 
calculation of standard errors for the marginal effects in the non-normal and heteroscedastic 
Tobit models is work in progress, the standard errors and significance levels presented are those 
of the estimated coefficients. Tables 4.1 to 4.3.2 below present the estimated marginal effects for 
the correctly specified car ownership, car use, bus fare expenditure and taxi fare expenditure 
models respectively. For comparison purposes, the marginal effects for the unadjusted Tobit 
models are presented in Tables C1-C3 of Appendix C. Table D1 of Appendix D reports the 
estimated elasticities of demand with respect to the three continuous independent variables for all 
models.  
 
4.1. Car  Ownership   
The car ownership model performs particularly well with all variables significant at the five per 
cent level or less. Most of these results are in line with those of other studies with the exception 
of the effect of the age of the HOH, which exerts a positive effect on the probability of car  17 
ownership. The income elasticity of car ownership demand of 1.15 supports the results of many 
studies that have classified the demand for the private car as a luxury good [see Blundell et al 
(1993), Button et al (1993), Stanovnik (1990), Thobani (1984), McCarthy (1977), Buxton and 
Rhys (1972), Bennett (1967) and Fairhurst (1965)].
15  
 
Table 4.1 Binary Probit Model of Household Car Ownership  





























Number of Observations  2,148
16 







Heteroscedastic Log-Likelihood   -819.031 (3) 
Elasticities:  
                                                    
15 However many studies show that the income elasticity of car ownership demand is declining over time with the 
private car now increasingly regarded as a necessity rather than a luxury [see Bjorner (1999), Dargay and 
Vythoulkas (1999) and McCarthy (1977)]. In addition many of the former studies that found income elasticities in 
excess of unity employed data on low income countries or are now out of date.  
16 The car ownership regression is estimated using the full sample of 2,148 households (i.e., those households 
owning two or more cars are also included). An examination of Table E1 in Appendix E reveals little difference 




Notes:  (i) * significant at 10% level, ** significant at 5% level, *** significant at 1% level 
  (ii) Standard errors for elasticities are those of the marginal effects. 
 
For all the continuous independent variables (income and the number of adults and children in 
the household), non-linear terms are found to be significant. This is consistent with Dargay and 
Vythoulkas (1999), Cragg and Uhler (1970) and Bennett (1967) who also found that the positive 
effect of income on the probability of car ownership decreases in magnitude as income increases 
while Alperovich et al (1999) found a similar result for the number of adults in the household. In 
addition, the significance of the cubed terms suggests that once household income and the 
number of adults increases above a second threshold, the probability of car ownership increases 
at an increasing rate once more. For the number of adults and children in the household, the 
significance of the squared term may indicate a scale economies effect while the significance of 
the cubed term for the number of adults may suggest initial increasing returns to scale that 
diminish as the size of the household becomes larger. 
 
The effect of accommodation type supports the inclusion of this variable as a proxy for distance 
and the quality and quantity of public transport links with those households living in apartments 
being least likely to own cars in comparison with the base category of those living in detached 
houses. Numerous studies also find that as distance from the city centre increases, population 
density declines and public transport provision deteriorates, the demand for car ownership 
increases [see Alperovich et al (1999), Dargay and Vythoulkas (1999), Train (1980), McCarthy 
(1977), Buxton and Rhys (1972), Cragg and Uhler (1970), Bennett (1967) and Fairhurst (1965)]. 
The positive effect of having at least one person in employment in the household is in agreement  19 
with the results of Cragg and Uhler (1970) and Bennett (1967) and indicates the effect that the 
presence of individuals in the household with regular mobility needs has on car ownership 
probability. 
 
While there is no a priori reason why the gender of the HOH per se should influence the 
probability of car ownership, single female-headed households are significantly less likely to 
own cars than other household types. The results for age of HOH show that the probability of car 
ownership increases with the age of the HOH. These results are in conflict with those of 
Alperovich et al (1999), Dargay and Vythoulkas (1999) and Bennett (1967) where the effect of 
the age of HOH, while initially positive, decreases in magnitude as the age of the HOH 
increases
17. Explanations for this divergence may lie in different costs, with the costs of car 
insurance being particularly high for young people in Ireland. Finally, the highest level of 
education variable suggests that those with a primary education are least likely to own a car 
relative to the base category of those with a third level qualification. Alperovich et al (1999) also 
find that those with the highest levels of education are most likely to own cars although they 
admit that there is no obvious reason why this should be the case, given that household income 






                                                    
17 Cragg and Uhler (1970) even find that increasing the age of the HOH linearly reduces the probability of car 
ownership.  20 
4.2 Car  Use   
Table 4.2 IHS Heteroscedastic Tobit Model of Household Car Use  



















































s    5.702 
(0.376)*** 
q    0.043 
(0.006)*** 
Number of Observations  935   
Non-Linear Terms  HHEXP
2   
Log-Likelihood -3301.768   
IHS Het Log-Likelihood   -3231.681 (3)   
Elasticities:    
HHEXP  0.514***  
ADULTS 0.225***   
CHILDREN 0.115***  
Notes:  (i) *significant at 10% level, ** significant at 5% level, *** significant at 1% level  
(ii) Standard errors (in parentheses) and significance levels are those of the estimated coefficients   21 
In explaining variations in petrol expenditure for those households owning one car, household 
income, the number of adults and children, household location, the presence of workers in the 
household and the gender of the HOH are all significant explanatory factors. For those 
households owning one car, household income enters as a positive and significant variable in 
explaining household car use, in part reflecting the costs such as petrol, tax and insurance that are 
incurred in running a car. It may also indicate that households with higher incomes place a 
greater value on time savings and comfort relative to poorer households, thus choosing the car 
over more time consuming and less comfortable methods of transport such as cycling or using 
the bus. The low but positive income elasticity of 0.51 suggests that car use demand may be 
classified as a necessity, a result consistent with those of Bjorner (1999), Labeaga and Lopez 
(1997), Blundell et al (1993) and Mannering (1983). The significance of the squared term 
indicates that a non-linear relationship exists, a result also found by Kayser (2000). The effects 
of the number of adults and children
18 in the household on petrol expenditure are both positive 
and linear, indicating the effects of the number of eligible drivers and diverse household activity 
patterns on car use.  
 
The accommodation type variables are of the expected sign, showing how car use increases with 
distance and/or the non-availability of public transport. The results are very similar to those of 
Bjorner (1999) who finds that relative to those living in the city of Copenhagen, those living in 
rural areas of Denmark use their cars the most in terms of annual mileage. In common with the 
result of Kayser (2000), the presence of one or more persons in employment increases car use, 
suggesting that the effect of regular commuting patterns on car use is positive. The effect of a 
single female HOH is negative and significant, consistent with the results of Kayser (2000), 
                                                    
18 Kayser (2000) finds no effect for the number of children in the household on petrol expenditure.  22 
Bjorner (1999) and Mannering (1983). This may mean that such single women are engaged in 
activities that require less travelling such as part-time local work and/or are more willing to walk 
and use public transport than men.
19 Even with access to a car, single female households use 
their cars less than all other household types. The age of the HOH is not significant although the 
signs of the effects are, with one exception (50-59 years), consistent with the results of Bjorner 

















                                                    
19 This is assuming that the HOH is the principal driver in the household.  23 
4  Public Transport Expenditure 
4.3.1  Bus Fare Expenditure 
Table 4.3.1 IHS Heteroscedastic Tobit Models of Household Bus Fare Expenditure 1994/1995 
Variable No  Car    One  Car   




























































































EXPENSES     -0.265 
(0.194)** 
 








Number of Observations  950    935   




Log-Likelihood -1711.631    -1407.935   
IHS Het Log-Likelihood   -1638.249 (5)    -1357.785 (4)   
Elasticities:      
HHEXP   0.686***    0.085   
ADULTS  0.652***   1.720***  
CHILDREN -0.020    -0.076   
Notes:  (i) significant at 10% level, ** significant at 5% level, *** significant at 1% level  
(ii) Standard Errors (in parentheses) and significance levels are those of the estimated coefficients   24 
Significant differences exist between car- and non car-owning households in terms of the factors 
influencing per capita bus fare expenditures. While household income has a positive and 
significant, but diminishing, effect on the demand for bus travel in non car-owning households, it 
is insignificant in explaining variations in per capita bus fare expenditures in car-owning 
households. In non car-owning households therefore, the demand for urban bus travel may be 
classified as a necessity with an income elasticity of 0.69. This result is similar to that found for 
public transport by Bergantino (1997) on the basis of UK micro-data. The number of adults in 
the household impacts positively on per capita bus fare expenditure in both samples with the 
significance of the squared terms indicating that a non-linear relationship exists. The high 
positive elasticity of 1.72 in car-owning households suggests that household members may 
compete for the use of the household car. The effect of the number of adults on expenditure in 
both non car- and car-owning households is particularly significant given that the dependent 
expenditure variable is already adjusted for household size. While the effect of the number of 
children under the age of 17 years is insignificant in explaining expenditure on bus fares in both 
sets of households, the negative sign of the elasticity in car-owning households is consistent with 
the results of De Palma and Rochat (2000) and Bergantino (1997) who find that the effect of 
children on public transport demand is negative, reflecting perhaps the returns to scale involved 
in driving children to school.  
 
A positive and significant relationship exists between a single female HOH and per capita bus 
fare expenditure. Even when single female households have access to a car, they spend more on 
bus fares per capita than other car-owning households thus reinforcing the point of Mannering 
(1983) that females select frequencies and types of activities that require less vehicular travel  25 
than males. The age of HOH variable is insignificant in car-owning households but explains 
some variation in bus fare expenditures in non car-owning households. The results indicate that 
only those households with a HOH aged 40-49 and 60 years and over spend significantly less 
amounts to those households with a HOH in the base category. The latter result is all the more 
significant given that the presence of free public transport for pensioners is also controlled for 
and exerts a negative and significant effect on per capita bus expenditures. These results, while 
only significant for non car-owning households, are in direct contrast to those of De Palma and 
Rochat (2000) and Bergantino (1997) who find that older people are more likely to use public 
transport than younger people. The level of education of the HOH is only significant in the non 
car-owning sample and indicates that those with a third level education spend the most per capita 
on bus fares. This result may be explained by households consisting solely of third level students 
who use the bus to travel to college. De Palma and Rochat (2000) similarly find that those with a 
third level education are more likely to use public transport to travel to work, although this effect 
was found for individuals owning cars. Finally, for bus fare expenditure in car-owning 
households, the presence of at least one person entitled to remuneration for motor expenses 
reduces per capita expenditure on bus fares, indicating that if the option of cheaper private 






  26 
4.3.2  Taxi Fare Expenditure 
Table 4.3.2  IHS Heteroscedastic Tobit Models of Household Taxi Fare Expenditure 
Variable  No Car    One Car   




















































































EXPENSES    -0.037 
(0.618) 
 








Number of Observations  950    935   
Non-Linear  Terms    HHEXP
2   
Log-Likelihood -1053.625    -913.305   
IHS Het Log-Likelihood   -998.567 (3)    -882.933 (2)   
Elasticities:      
HHEXP   0.934***    1.178***   
ADULTS 0.069***    0.641***   
CHILDREN -0.025**    0.020   
Notes:  (i) significant at 10% level, ** significant at 5% level, *** significant at 1% level  
(ii) Standard Errors (in parentheses) and significance levels are those of the estimated coefficients  
  27 
The differences between non car- and car-owning households’ taxi fare expenditures are less 
obvious than for the bus fare expenditure case. Household income has a positive and significant 
effect in both non car- and car-owning households with the effect also found to be non-linear in 
car-owning households. The former result is in contrast to that found for the bus fare expenditure 
case where household income was only significant in explaining bus fare expenditures in non 
car-owning households. However, the elasticity of demand is slightly higher in non car-owning 
households than in car-owning households meaning that households without cars are more 
responsive to changes in income than those with cars. The marginal effect of increasing number 
of adults in the household is positive and linear in both samples, with the large positive elasticity 
of 0.64 in car-owning households suggesting that there is competition for the household car. The 
effect of children is insignificant, a result consistent with expectations
20.    
 
The effect of accommodation type shows that there are no significant differences between 
households living in apartments and households living in detached houses in terms of their taxi 
fare expenditure but those in semi-detached houses spend significantly more. This result may 
mean that distance and cost influences taxi fare expenditure with those living furthest away from 
the city centre (detached homes) spending least because of cost while those living near the city 
centre (apartments) can use alternative, cheaper forms of transport such as walking and taking 
the bus. The presence of at least one working member in the household has a positive and 
significant effect on taxi fare expenditure only in non car-owning households, which may 
indicate the use of taxis for occasional commuting. The insignificant effect in car-owning 
households suggests that taxis are used mainly for leisure travel rather than commuting.  
                                                    
20 It is difficult to explain why the presence of children should be significant in explaining variations in taxi fare 
expenditure except where it may proxy household type.  28 
The positive effect of a single female HOH is a result consistent with the increased safety 
concerns that women face in travelling alone at night, while the effect in car-owning households 
reinforces the points made above about females using their cars less in general than males. The 
effect of increasing HOH age on taxi expenditure is generally negative in both samples with 
those households with a head aged 20-29 years spending the most per person on taxi fares. This 
perhaps reflects the difference in activities undertaken by households in different stages of the 
life-cycle and the general reticence of older people to use taxis, for example, younger households 
may socialise more than older households and therefore require late night transport, of which 
taxis are a popular and often necessary form due to the poor night bus service in the city. 
 
6 Conclusion 
In this paper Irish Household Budget Survey micro-data are used to estimate the income and 
socio-demographic determinants of urban households’ transport decisions. The most significant 
results relate to the effects of income (as proxied by total household expenditure), the number of 
adults in the household and the gender and age of the HOH. Household income is, with one 
exception
21, positive and significant in explaining differences in households’ transport decisions. 
An examination of income elasticities of demand reveals that while private car ownership may 
be classified as a luxury, car and public transport use are necessities. Along with the higher 
elasticities of demand for taxi fare expenditure, the insignificance of income in explaining 
variations in per capita bus fares in car-owning households may suggest that factors other than 
income and price are more important in determining bus fare expenditure, particularly in car-
owning households. While the effects of the number of adults on household car ownership and 
use are very similar, in terms of public transport expenditure there are significant differences 
                                                    
21 Household income is insignificant in explaining variations in bus fare expenditure in car-owning households.  29 
between non car- and car-owning households. The effect of the number of adults is highly elastic 
in car-owning households for both bus and taxi fare expenditure suggesting that competition for 
the household car induces some members to choose alternative forms of transport. The positive 
effect of the number of adults on per capita taxi fares in non car-owning households, given that 
household size has already been accounted for, may be explained by the tendency for larger 
households to consist of unrelated individuals who do not travel together.   
 
The gender of the HOH is consistently significant in explaining variations in car ownership, car 
use and public transport expenditures. While car ownership and use are more likely for 
households headed by a male, even in households that own a car, bus and taxi fare expenditures 
are higher for households that are headed by a single female. The effects of the age of the HOH 
on car use, bus fare expenditure and taxi fare expenditure are consistent with the expectation that 
younger households are more mobile and are engaged in more activities than older households. 
The positive effect of age of the HOH on car ownership is however in conflict with many other 
studies and may reflect different costs of car ownership in Ireland in comparison with other 
countries, with the costs of insurance being particularly high for young people.  
 
In conclusion, the results highlight the significance of household income and socio-demographic 
characteristics in determining differences in household transport behaviour. The use of 
expenditure data to proxy car and public transport use is justified by results that are broadly in 
line with those of previous research in the area. The division of the samples for the bus and taxi 
fare regressions emphasises the differences in travel behaviour for households owning cars and 
those not owning cars while the analysis of bus and taxi expenditures separately shows the  30 
usefulness of examining transport expenditures at more disaggregated levels. Finally, the 
importance of correct model specification is highlighted through the improvements in estimated 
log-likelihoods as a result of the inclusion of non-linear terms for the continuous independent 
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Appendix A 
Probit Marginal Effects 
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where F  is the cumulative standard normal distribution function, f  is the standard normal 
density function,  i s  is the estimated standard error, q  is the estimated IHS parameter,  j b  is the 
estimated coefficient on the independent variable of interest and  j h  is the estimated 
heteroscedastic term. All such marginal effects are calculated at the sample means of the 
independent variables.  
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Appendix B 
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Appendix C 
Table C1 Tobit Models of Household Petrol, Bus and Taxi Fare Expenditure (Estimated Coefficients) 















































































































































































s   11.158 4.078  2.710  8.365  6.387 
Number of Observations  935  950  935  950  935 
Log-Likelihood  -3301.768 -1711.631 -1407.935 -1053.625 -913.305 
Het  Log-Likelihood -3257.769  (3)
22  -1659.714 (5)  -1389.238 (2)  -1005.869 (3)  -888.850 (2) 
IHS Log-Likelihood  -3246.277 (1)  -1664.273 (1)  -1374.683 (1)  -1017.068 (1)  -902.036 (1) 
IHS Het Log-Likelihood  -3231.681 (3)  -1638.249 (5)  -1357.785 (4)  -998.567 (4)  -882.933 (3) 
Notes:  (i) Standard errors are reported in parentheses 
(ii)* significant at 10% level, ** significant at 5% level, *** significant at 1% level 
 
                                                    
22 The figures in parentheses represent the number of degrees of freedom, i.e., the IHS parameter and/or the number 
of continuous variables included in the heteroscedasticity function.  40 
Appendix D 
Table D1  Elasticities of Demand (Unadjusted Results) 










HHEXP 1.145*** 0.506**  0.672*** 0.089  0.929*** 1.005*** 
ADULTS  0.197**  0.199*** 0.817*** 1.990*** 0.504*** 1.463*** 
CHILDREN 0.178***  0.113**  -0.004  -0.019  0.057  0.016 
 
Table D2  Elasticities of Demand (Adjusted Results) 










HHEXP 1.145*** 0.514*** 0.686*** 0.085  0.934*** 1.178*** 
ADULTS  0.197**  0.225*** 0.652*** 1.720*** 0.069*** 0.641*** 
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Appendix E 
Table E1  Binary Probit Models of Household Car Ownership (Estimated Coefficients) 



















































































Number of Observations  2,148  1,885 
Log-Likelihood -823.844  -795.365 
Heteroscedastic Log-Likelihood (df)  -819.031 (3)  -793.097 (3) 
Notes:  (i) Standard errors are reported in parentheses 
          (ii)* significant at 10% level, ** significant at 5% level, *** significant at 1% level 
 
 
                                                    
23 Excluding households owning two or more cars.  42 
 